This study constitutes one part of a program for assessing the impact of coal-fired power plants on the surrounding communities. A questionnaire was mailed to a total of 12,000 subjects living in six areas with coal-fired plants and in matched reference areas. The participation rate was 77.3%. In one coal-fired plant] reference area pair, a more detailed medical examination was carried out among subjects who reported symptoms of the respiratory tract. The match between coal-fired plant and reference areas was successful primarily in three pairs. Neither respiratory symptoms nor disease rates were increased among adults or children near any of these plants, but one plant seemed to give rise to annoyance. For the remaining coalfired plants, consistently higher prevalences of respiratory tract symptoms and annoyance were observed in the surrounding population. The effects cannot, however, conclusively be related to the coal-fired plants. It should be pointed out that the air pollution levels were relatively low, also in the vicinity of most of the plants in this study.
Introduction
Emissions from fossil-fueled power plants contain substances which have been associated with various health effects. Sulfur dioxide, nitrogen oxides, and particulates are some of the main constituents of the emissions from coal-fired plants. Exposure to these and other agents in urban and industrial areas has been linked to both acute and chronic effects in the respiratory system as well as to annoyance reactions (1) (2) (3) (4) (5) (6) (7) . However, causal interpretations of associations between specific compounds and effects have to be made with caution. The agents that have been measured should be regarded as index substances. Results of different studies may thus not be comparable because of differences in exposure to substances not monitored.
Very few epidemiological studies have specifically investigated the health implications of emissions from coal-fired power plants. A correlation between attack rates and air pollution levels was shown in a group of asthmatics living near a U.S. coal-fired plant (8) . The plant had no abatement devices which resulted in very high concentrations of air pollutants in the vicinity. Annoyance resulting from air pollution and noise were reported in a survey conducted near three U.S. coal-fired plants (9) . No data on air pollution levels were given, which makes it difficult to evaluate the findings.
The primary aim of the present work was to inves- Finland. tigate target areas near coal-fired plants of modern design and to determine whether health effects could be observed among neighboring residents. Comparisons were also made with areas near plants of older design as well as with residential areas without power plants. In addition, an intensified study was made in one of the areas of subjects believed to be sensitive to air pollution. This study has been reported elsewhere (10) .
Materials and Methods

Study Subjects
The study is based on information obtained from questionnaires mailed to about 12,000 individuals from 12 "target populations" representing six locations near coal-fired plants in Finland as well as six matched reference areas. The area "pairs" are designated by the letters A-F.
The target population for the survey were men and women, aged 15 to 64, who had lived at least three years in a target area. A random sample of about 900-1100 subjects per target area was drawn from the national population register and mailed a questionnaire in 1981. The number of participants and the final response rates by area are presented in Table 1 . Altogether, 5354 men and 5956 women participated in the survey. The final response rate among men was 74.1% and among women 80.5%, giving a total of 77.3%. There were no important differences in response rate between the various coalfired plant areas and corresponding reference areas.
The questionnaire, which is presented in full else- Sample size  Expa  976  977  1058  967  880  980  Refb  971  970  1083  980  886  986  Participants  Exp  704  719  842  764  675  754  Ref  739  717  904  761  726 When studying potential health effects and annoyance caused by the coal-fired plants, it is important also to take into consideration emissions in the area from other industrial activities and from motor traffic. Figure 1 shows the SO2 emission sources in the Helsinki region together with the locations of the plant and reference areas A, B, and D. Besides the coal-fired plants under study and a couple of oil-fired plants, there is only one major S02 source located in the area.
Estimates of SO2 concentrations in ambient air have been made for the Helsinki region from model calculations based on SO2 emission data and data on meteorology (12) . Figure 1 of air pollution, e.g., motor traffic, etc., is given elsewhere (11).
Statistical Methods
Prevalences of symptoms and diseases are sexspecific and age-standardized, using all the subjects studied as standard population. Chi-square tests without Yate's correction were used in the statistical analyses, and two-sided p-values are given. Smoking, education and occupation were controlled in other analyses (11) , but the results were essentially the same as those reported below.
Results
Some socioeconomic background information and data on smoking habits for the study subjects in the different areas are given in Table 3 . In three coal-fired plant areas, i.e., A, C, and F, the percentage of respondents with less than 9 years of education and/or industrial work is higher than in the reference areas. For smoking habits the only noteworthy difference within individual pairs is for Plant A and its reference area, which have 39% and 31% current smokers, respectively. From the socioeconomic data and information on other sources of air pollution in the areas (11) , it could be concluded that the match between exposed and reference areas was successful primarily for the Plants B, D and E. Table 4 shows the prevalence rates of respiratory tract symptoms by areas. For "hawking" there are increased rates in five coal plant areas, reaching statistical significance in two areas. The rate ratios, computed by dividing the rate in the exposed area with the rate in the reference area, range up to 1.3. The symptom "cough without phlegm" also had significantly increased rate ratios in two areas, while no pronounced differences between exposed and reference areas could be seen for "cough with phlegm" or "cough with phlegm > 3 months." For "acute dyspnea" only one coal plant area showed a significantly elevated rate ratio.
All the respiratory tract symptoms studied were highly associated with smoking. Figure 2 shows the prevalence rates among smokers and nonsmokers for these symptoms in the pooled exposed and reference areas, respectively. Among smokers 47% reported hawking, compared to only 26% of the nonsmokers. In the pooled groups, the rate ratio for smoking amounted to 1.8 and was similar in both the pooled coal plant and reference areas. The more specific symptoms of chronic bronchitis were more strongly associated with smoking. The rate ratio for "cough with phlegm" and for its more pronounced manifestation "cough with phlegm more than 3 months in a year" was about 3.3. The symptom "acute dyspnea" also had an increased rate ratio (1.7) in smokers. The rate ratios for respiratory tract symptoms among smokers living near the coal power plants and in the reference areas were similar.
The prevalence of physician-verified diagnoses of chronic bronchitis or emphysema in the questionnaire was 3.8% in the pooled reference area, and there were no pronounced differences within or between area pairs. Among these respondents respiratory symptoms were as prevalent in the pooled coal plant areas as in the pooled reference areas. The prevalence rates ranged from about 75% (hawking) to about 50% (cough with phlegm > 3 months). About 3% reported bronchial asthma verified by a physician. Prevalences were similar in the different areas. In the pooled material, acute dypsnea attacks in these subjects were equally prevalent in the coal plant and reference areas.
The prevalence rates for irritation in the throat, nose, and eyes in the pooled reference group were 35.0%, 28.6%, and 24.6%, respectively. These symptoms were reported as occurring "often" by 6.3%, 8.2%, and 5.6%, respectively. In the pooled material, the rate ratio for irritation in the throat by those living in coal plant areas was 1.2 (p < 0.01). There were no consistent differences between area pairs for irritation of the nose or eyes. Furthermore, the rate ratios were not elevated in coal plant areas for respiratory symptoms in children of the survey participants.
Diagnoses based on the clinical and laboratory examination carried out in plant area D and its reference area, are shown in Table 5 . Of the 171 subjects examined, 7% had no respiratory or eye symptoms at the time of examination and were therefore regarded as healthy. A further 24% had such mild and/or unspecific symptoms that no diagnosis could be set. For 23% of the cases the diagnosis was allergic rhinitis or conjunctivitis. Half of these subjects had a known allergen which had been clinically verified. The other half had typical allergic symptoms and/or an elevated IgE level in serum.
Chronic bronchitis was diagnosed in 22% of the sub- aThe same subject may have several symptoms.
The proportion of respondents reporting annoyance due to soot, dust, or fly ash was greater in coal-fired plant areas than in reference areas in all comparisons but one (Table 6 ). The rate ratios of exposed versus reference areas ranged between 1.0 and 4.6. The highest proportions were found near plants A and C. These plants were both located in urban and/or industrialized areas. Only near plant E, which was located in a rural area, did those residents identifying the power plant as the most important source of soot, dust or fly ash constitute a majority (57%) among those reporting annoyance (not shown in table).
Annoyance due to odors was reported more frequently in coal-fired plant areas than in reference areas in four out of six comparisons, three comparisons being statistically significant (p < 0.01). Large proportions were found especially in plant area C and the reference area to plant F, which both had sulfate-cellulose industries.
The occurrence of annoyance due to soot, dust, or fly ash was further investigated in two of the coal-fired plant areas. In area A, the proportion reporting annoyance due to soot, dust, or fly ash was substantially greater in the subareas less than 2 km from the plant than in the subareas further away (Table 7) . A distance gradient could also be discerned in the proportion claiming that a power plant was the most important source of the annoying air pollution. Corresponding results were not found in area D, where the proportions reporting annoyance were similar for the different subareas.
Discussion
The match between plant and reference areas was successful primarily for three area pairs, i.e., B, D, and E. As a rule, no consistent differences were seen within these pairs in the prevalence of various respiratory tract symptoms among the respondents or their children. This indicates that the coal-fired plants had no major influence on the occurrence of these health effects in the surrounding population. The mean concentrations of SO2, NO2, soot, and suspended particulates in ambient air during 1981-82 in area D and in its reference area were similar and low, i.e., below 30 ,ug/m3 (10) . In area B and its reference area, yearly SO2 concentrations in 1977 were estimated to be 25 to 35 ,ug/m3 (11) . The levels were even lower in area E and could be expected to be low also in its reference area. The exposure levels in these areas are thus appreciably lower than those associated in the literature (13-15) with respiratory symptoms or diseases.
On the other hand, three of the comparisons involved coal-fired plant areas that had more industries and road traffic than their corresponding reference areas (areas A, C, and F). Respiratory symptoms and diseases were somewhat more prevalent in these areas than in the reference areas. The prevalence of "hawking," "cough without phlegm" and "irritation in the throat" was elevated in these areas with rate ratios of 1.3 to 1.8. The symptoms "cough with phlegm" and "cough with phlegm > 3 months" show consistently, but not significantly, increased rate ratios in these three coal plant areas. The four respiratory symptoms are not independent, as they are answers to four consecutive items in the questionnaire. According to the validation study performed in area D and its reference area, the two symptoms involving "cough with phlegm" indicate "chronic bronchitis" in almost every second case.
The differences in ambient SO2 concentrations (and possibly also other air pollutants) are probably greatest between the coal plant and the reference areas in area pairs A, C and F (11). Unfortunately, measurements of ambient air concentration are scanty, but it has been estimated that differences in yearly mean SO2 concentration between area A and its reference area were up to 30 ,ug/m3 during the 1970s. It should be pointed out that the area with the highest SO2 concentrations was estimated to have yearly SO2 concentrations (in 1977) of about 65 ,ug/m3 and that health effects have consistently been reported in the literature only above 100 pug/ m3 (for SO2 and particulates) (15) .
Annoyance due to soot, dust or fly ash was also more common in plant areas A, C, and F than in their reference areas. In view of the other important sources of air pollution in the areas, these effects cannot be tied conclusively to emissions from the coal-fired plants. The high proportion reporting "power plant" as the most important source of annoyance in the immediate vicinity of plant A does, however, indicate a substantial impact of the plant in this area. It is also noteworthy that a majority of the subjects reporting annoyance due to soot, dust or fly ash in area D claimed that "power plant" was the most important source. This plant was located in a rural area.
Several studies have emphasized the importance of attitudes to the source of annoyance for reported annoyance (16, 17) . In the present study, attitudes to air pollution were studied by a series of cumulative items (11) . Attitude scores were only slightly related to reported annoyance and could not explain the differences in annoyance between plant areas and their reference areas.
In summary, consistent increases in the prevalences of respiratory symptoms and annoyance were detected in three urban or industrialized areas with coal-fueled plants. To the extent that measurements or estimates of ambient air exposure levels are available, the concentrations are lower than those hitherto associated with health effects. The specific influence of emissions from the coal power plants on the respiratory symptoms cannot, however, be assessed for these areas. In three rural or suburban areas with coal-fueled plants, no increases were detected in the prevalence of respiratory symptoms or diseases but annoyance seemed to be related to emissions from one of the plants.
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